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NATIONAI ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL NOTE 3526

FLIGHT CALTBRATION OF FOUR AIRSPEED SYSTEMS ON A
SWEPT-WING AIRPLANE AT MACH NUMBERS UP TO 1.0k
BY THE NACA RADAR-PHOTOTHEODOLITE METHOD'

By Jim Rogers Thompson, Richard S. Bray,
and George E. Cooper

SUMMARY

The calibrations of four airspeed systems installed in a North
American F-86A airplane have been determined in flight at Mach numbers
up to 1.04 by the NACA radar-phototheodolite method. The variation of
the static-pressure error per unit indicated impact pressure is presented
for three systems typical of those currently in use in flight research,
a nose boom and two different wing~tip booms, and for the standard service
system installed in the airplane. A limited amount of information on the
effect of airplane normal-force coefficient on the static-pressure error
igs included. The results are compared with available theory and with
results from wind-tunnel tests of the airspeed heads alone.

Of the systems investigated, a nose~boom installation was found to
be most suitable for research use at transonic and low supersonic speeds
because it provided the greatest sensitivity of the indicated Mach number
t0 a unit change in true Mach number at very high subsonic speeds, and
because it was least sensitive to changes in airplane normal-force coef-
ficient. The static-pressure error of the nose-boom system was small and
constant above a Mach number of 1.03 after passage of the fuselage bow
shock wave over the airspeed head.

INTRODUCTION

Accurate determination of Mach number is fundamental to any detailed
flight research, and is of particular importance in the transonic speed
range where many of the aerodynamic parameters vary markedly with Mach
number. In order to pursue extensive research in this speed range, using
a North American F-86A airplane as a test vehicle, it was necessary that
a suitable airspeed system be determined. In addition, it was desired

lSupersedes recently declassified NACA RM AS0H2L by Jim Rogers
Thowpson, Richard S. Bray, and George E. Cooper, 1950.
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2 NACA TN 3526

to supplement the meager fund of information now available to the designer
on the characteristics of various airspeed installations at transonic
speeds.

With the foregoing objectives in mind, four independent airspeed
systems, one service and three research installations typical of those
used at high subsonic speeds, were evaluated at Mach numbers up to 1.0k
by the NACA radar-phototheodolite method of reference 1. The results
have been supplemented with data from calibrations at Mach numbers up to
0.89 obtained by flying past a reference landmark. This technique is
described in reference 2. Also presented are the results of wind-tunnel
tedts of the airspeed heads used in the research installations. These
tests were conducted in the Ames 16-foot high-speed wind tunnel and the
Ames 6- by 6-foot supersonic wind tunnel.

The radar-phototheodolite calibrations were performed jointly by
personnel of the Ames Aeronautical Laboratory and the High~Speed Flight
Station of the NACA. '

SYMBOLS

Az the ratio of the net aerodynamic force along the airplane Z
axis (positive when dirécted upward, as in normal level flight)
to the weight of the airplane

Cy airplane normal-force coefficient (%%%

M Mach number |

M* - indicated Mach number

R gas cpnstant, 1716 foot-pounds per pound per‘oR
S wing area, square feet

T ambient temperature, °R

v airspeed, feet per second'

W welght of airplane, pounds
g acceleration due to gravity, 32.2 feet per second squared
h geometric altitude from sea level, yards.

P free~stream static pressure, millimeters of mercury
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p? gtatlic pressure indicated by pitot-static installation, millimeters
of mercury .

Ap gtatic—pressure error (p'-p), millimeters of mercury

Py gstatic pressure corresponding to NACA standard atmosphere, millimeters
of mercury

Pt free—stream total pressure‘for subsonic flow and total pressure behind
normal shock for supersonic flow, millimeters of mercury

q dynamic pressure< % pV2> 9 pomds per square foot
P indicated impact pressure (pt=p'), millimeters of mercury

p density of ailr, slugs per cubic foot

Ao lag constant, seconds
EQUIPMENT
Alrspeed Systems

The airplene used in the investigation (North American F-86A-5 Alr
Force No. 48-291) was equipped with three research airspeed installations,
a nose boom and two wing—tip booms, in addition to the standard service
system, Kollsman Type D-1 (Buder Spec. No. SQ-10T) alrspeed heads were
mounted on the nose and left wing—tip booms and an NACA free—swiveling
airspeed head was mounted on the right wing~tip boom, Pertinent dimensions
of the test airplane are presented in table I and a two-view drawing of the
airplane showing all four airspeed systems is presented as figure 1. Photo-
graphg of the installations are presented as figure 2 and drawings of the
heads are presented in figure 3. ‘

Tn order to minimize the effects of the pressure fleld about the air-
plane upon the static—pressure measurements, the static orifices of the
research airspeed installations were located well forward of the airplane
gtructure. The static orifices of the nose—boom installation were located
ahead of the airplene nose a distance of 1.8 times the effective maximum
diameter of the fuselage. (This diameter is defined as that of a circle
having the same area as the fuselage cross gsection, including the area of
the duct.) On the left and right wing—tip booms the static orifices were
located 1.5 tip—chord lengths and 1.1 tip-chord lengths ahead of the
respective leading edges. The two flush static orifices of the service

airspeed system were located on opposite sides of the lower quadrant of
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the fuselage ahead of the wing root, (See fig. 1.) Total pressure for

the service system was supplled by a total-head tube located in the engine

air inlet. Since the impact pressure (and therefore the total head) was -
not measured for the swiveling airspeed head, total-head measurements

from the nose-boom system were used to determine the calibration of this
system,

Flight Instruments

I

Standard two—cell NACA pressure recorders were used to measure the
pressures in each of the airspeed systems, The absolute static pressure
in each system was measured by a sensitive aneroid cell, and the difference
between static pressure and total head (the impact pressure qc') was meas—
ured by a differential pressure cell, In addition to the  pressure recorders,
a normal acceleration recorder was provided so that the airplane normal—
force coefficient could be derived. The recording instruments were syn—
chronized at 1/l0-second intervals by means of a common timing circuit. -

For the research airspeed systems,the pressure orifices were connected.
to the individual cells through 3/16~inch internal diameter lines about 12 hd
feet long in the case of the nose boom, and about 30 feet long in the case
of the wing booms., The lag in the static side of the system was measured
for the left-wing—boom system by the method of reference 2, and the equiv—
alent sea—level time lag (Ay) was found to be of the order of 0.03 second.
The lag of the right~wing-boom system may be presumed to be of the same
order, as the lines are of almost identical length, and that of the nose '
boom may be presumed to be amaller than that of the wing boom., The service
system supplies the pilot's indicators as well as the recorder, and the
volume of these instruments is many times greater than that of the research
instruments, However, the lines of the service system are very short, The
lag for a similar system is computed in reference 2 to be of the order of
0.02 second, No corrections for lag were applied. :

Free—air temperature was obtained in flight using the service instal—
lation which employed a Weston Type 21 flush—type resistance bulb located
near the starboard static orifice of the service ailrspeed system. Data
were noted by the pilot. The adlabatic constant of the system was deter—
mined by flight measurements through a wide range of Mach numbers.

Tracking Station

The growund tracking station was equipped with an SCR-584 radar modified -~
for long—range operation, an M-2 optical tracking head, a German Askania
phototheodolite, and a VHF radio communication system, In operation, the
airplane was tracked optically by both the Askania and the M2, the M-2

pointing the radar wnit at the airplane through a servo gystem, The data
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were recorded at the ground station by two cameras which were operated
at a rate of two exposures per second., One of the cameras, am integral
part of the Askania phototheodolite, photographed direct reading scales
giving the azimuth and elevation angles, This camera also photographed
the airplane against reference cross hairs to provide corrections to the
azimuth and elevation angles in the cases where the alrplane was not
centered in the cross hairs. The other camera photographed the radar
range scope giving the distance from the radar station to the airplane.
The time at which each frame of each camera was taken and the flight—
instrument synchronization signals transmitted by radio from the airplane
were recorded agalnst a continuous time base. The airplane was equipped
with radar beacons on both the upper and lower surface of the fuselage

go that the usable range of the radar could be extended.

METHOD

In accordance with normal practice, it was assumed that no error
existed in the indicated total pressure (obtained by adding indicated
static and impact pressures) through the range of Mach numbers and flow
angles encountered in this investigation. The calibration was, therefore,
limited to determining the error in the indicated static pressure. The
flight technique used was essentially the same as that described in ref—
erence 1. The service system, nose-boom, and lef t—wing-boom gystems were
first calibrated from 0.30 to 0,89 Mach number at sea level by the method
described in reference 2 of flying past a reference landmark (referred
to hereafter as the "fly-by" calibration).

The variation of ambient pressure with geometric altitude in the
altitude range to be covered by the high—speed runs was established by a
pressure survey. Static—pressure records were taken at altitude inter—
vals of about 1,000 feet during the climb of the test airplane at gpeeds
within the range covered by the fly-by calibration. By use of a time
synchronization system, static pressures were determined at time Instants
corresponding to those of two Askanis frames from each record.  The Mach
number and the static pressure were computed from the airplane records
through use of the fly-by calibration. The correspondiné geometric
altitude was computed from the basic quantities measured at the ground
station with corrections being applied for the following items:

1. Elevation angle scale zero, level error, tracking error, and
refraction correction

2. Range scale zero, beacon delay, and range parallax (due to
horizontal distance between radar and Askania)

3. Earth curvature correction
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Values of ambient pressure obtained from the nose- and wing=boom
systems were plotted against the corresponding geometric altitude deter-
mined by the foregoing procedure. An. additional guide to the fairing of
these data was obtained from the known relation of incremental altitude
to ineremental pressure when the temperature and pressure are known. Tem-
perature data were obtained at each survey point. An altitude-pressure
relationship was then computed from the basic relation

using the approximate form

hy - hj =K<%> (p1 = p2)

where h, - h; 1s the change in altitude corresponding to a pressure
change pj - ps, and K is a constant depending on the units of the var-
ious quantities. Pressure increments of 20 millimeters of mercury were
used in these computations. The resulting altitude-pressure curve was
then compared with that determined by the pressure survey. A typical
survey obtained with the nose=boom system and the associated temperature
fairing is shown in figure 4 as the variation with geometric altitude of
the difference between ambient pressure as determined in the survey and
ambient pressure at the same altitude for standard conditions. V

During the high-speed runs, the geometric altitude was determined at
l-second intervals by the same procedure used for the survey. The ambient
pressures corresponding to these altitudes were obtained from the results
of the pressure survey made during the climb. A time history of ambient
pressure was then compared with time histories of the static pressure
indicated by each of the airspeed systems. The pressure error was deter=
mined for each system from the time history and reduced to nondimensional
form by division by the indicated impact pressure g,'. True and indicated
Mach numbers were computed from total pressure and the appropriate value
of static pressure. '

ACCURACY
Flight Measurements
The maximum probable uncertainty in pressure measurements is estimated

to be of the order of +2 millimeters of mercury under the conditions of
altitude and temperature experienced in this investigation.
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Values of free-air temperature obtained from the indicating system
in the airplane are estimated to have been determined with a precision of

+5° F,

Geometric Altitude Measurements

The basic quantities entering into the computation of the geometric
altitude are the range and elevation angles, In this investigation, data
were obtained at elevation angles between 15° and 55° and ranges between
14,000 and 38,000 yards, although the great majority of the data were
obtained at ranges between 20,000 and 25,000 yards at elevation angles
near 30°, Examination of time histories of the indicated radar range for
each run indicated that the maximum scatter of over 90 percent of the
points from a smooth fairing was about * 15 yards which corresponds to a
precision in measurement of geometric altitude of * 4 yards and *12 yards,
respectively, for the extremes of elevation angle encountered. The probable
wncertainty in an elevation angle measured with an Askania phototheodolite
is given by reference 3 as * 1 minute, which, for the extreme conditions
encountered, amownts to from 3 to 10 yards in geometric altitude. It is
therefore estimated that the probable uncertainty in geometric altitude
during the high—speed test runs is of the order of #10 yards. This value
of altitude wcertainty corresponds to pressure uncertainties of * 0.25
and * 0.16 mm Hg at altitudes of 35,000 and 45,000 feet, respectively. It
is apparent that the resulting uncertainty in true static pressure from
the geometric altitude measurements is considerably less than that due to

the pressure instruments.

Summary of Accuracy

Since the errors in measurement enter into both the pressure survey
and the actual calibration flight, the individual errors must be added to
establigh the maximum possible error in the final result, This would give
a value for the wncertainty in Ap of *4,5 mm Hg. It is reasonable to
assume, however, that the probable uncertainty in Ap is of the order of
*2 mm Hg, The following table summarizes the resultant umcertainties in
Ap/qc' and Mach number at the conditions of the radar—phototheodolite

calibration:

Mach number, M 0.75 0.85 0.95 1.0k
Average impact pressure, 60 100 160 180
qC‘, mm Hg
Probable wncertainty in
M/a,? +0.03 | *o.02 +0,01 | *0.01
Probable wmcertainty in M |*0.015( *0,012 +£0.009 { £0.009
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RESULTS

Typical time histories of Mach number M, airplane normal-force coef-
ficient Cy, ambient pressure p, indicated static pressure p?! for each
system, and static-pressure error per unit indicated impact pressure
Ap/qc' for each system are presented in figure 5 for both a high-speed
run (fig. 5(a)) and a pull-up (fig. 5(b)). These time histories illustrate
the wagnitude of the pressure errors as well as the variation of pertinent
quantities during transition through the speed of sound and during an
abrupt pull-up. '

The results obtained for each system are summarized in figure 6 as
the variation with Mach number of Ap/qc’. Where available, fly-by data
are used up to a Mach number of 0.89 because of the reduced accuracy of
the radar-calibration data at lower Mach numbers. Since the right-wing-
boom systém was not included in the fly-by calibrations, radar-calibration
data are shown for the loweér Mach numbers (fig. 6(c)). Figure T presents
the variation with normal-force coefficient of A@/qc‘ for several ranges
of Mach number. It is evident from examination of figure 6 that the
apparently random scatter of the experimental data is the same order as

“estimated in the section ACCURACY.

DISCUSSION

Nose Boom

The experimental data obtained with the nose-boom airspeed system
using a fixed pitot-static head (fig. 2(b)) are presented in figures 6(a)
and T(a). :

Effects of Mach number.- The results shown in figure 6(a) indicate
that the value of Ap/ic' remains constant at a value of 0.025 up to a
Mach number of 0.95. As shown in the figure, this value is in agreement
with that obtained in the sea-level fly-by calibration, which extends to
a Mach number of 0.89. Above a Mach nuwmber of 0.95 the error increases
almost linearly to 0.065 at a Mach number of 1.02, This rapid increase
is apparently due to the effect of compressibility upon the static pres-
sure field ahead of the fuselage. Between Mach numbers 1.02 and 1.04
the value of Ap/qc' is -0.008. The abrupt decrease in error which
occurs with passage of the fuselage bow wave over the static orifices
on the airspeed head is illustrated by a typical instrument record in
figure 8, as well as the time history in figure 5(a). In this case the
abrupt drop occurred at a Mach number of 1.028, and the bow wave remained
behind the orifices for about 10 seconds, passing the orifices in the
opposite direction when the Mach number fell off to 1.015. In the other
run in which a speed high enough for the bow wave to pass the orifices
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was attained, the passage occurred at a Mach number of 1.021 and the return
again occurred at a Mach number of 1.015. Although the Mach numbers quoted
for the initial and return shock passage differ by an amount within the
limits of accuracy of Mach number determination and are therefore not nec—
essarily significant, the possible existence of a hysteresis effect should
not be ignored in future research., It is of interest to note in figure 8
that the response of the instrument recording statlic pressure to passage

of the shock over the static orifices.corresponds in shape to the expected
response to a step change in pressure. The change of 0,075 in Ap/qc'

with shock passage is in satisfactory agreement with the theoretical pres—
gure drop of 0,066 across a normal shock wave at a Mach number of 1.025.

The fairing of the data given in figure 6(a) is reproduced in figure 9
where it is compared with wind—tunnel measurements of the gtatic—pressure
error of Kollsman D-1 type airspeed heads, The wind—tunnel data for Mach
numbers below 0.85 were obtained in the Ames 16—foot high—speed tunnel and
show a constant static—pressure error for the airspeed head alone of about
0.006 Ap/q.'. The difference of approximately 0.02 p/qe! between the
experimental values for the error of the nose—boom system on the airplane
and the error of the head alone may be considered to be a measure of the
subsonic static-pressure field of the airplane at the nose—boom orifices.,
This compares favorably with theory as pregsented in figure 10(a) of ref—
erence 4. For this comparison, the 10-foot nose boom was considered to be
mownted on a body of revolution having a maximum diameter of 5.5 feet at
a distance of 9 feet aft of the nose of the body. #n extrapolation of the
curve in reference 4 gives a value of about 0.02 for Mpfagt.

The Ames 6— by 6—foot supersonic wind—tunnel data indicate that /gt
for the isolated head and boom varies fraom 0,00k at a Mach number of 1.13 to
0.0005 at a Mach number of 1,60, If it is assumed that flight data would
continue to show a value of Ap/q,' of —0.007 at Mach mumbers above 1.0k,
the agreement with the wind—tunnel data at a Mach number of 1,13 would be
within the accuracy of the measurements. ’

Effects of normal~force coefficient.— It 1s evident from figure 7(a)
that the effect of airplane normal-force coefficlent on Ap/qc' for the .
nose—boom system is negligible for the range of variables investigated:
airplane normal-force coefficients from 0.05 to 0.80 at Mach numbers between
0.75 and 0.95 and from 0,06 to 0,27 at Mach numbers between 0.95 and 1.04,
This lack of effect is evident also in the time history of an abrupt pull—

up (rig. 5(b)).

Lef t—~-Wing—Boom System

Results for the alrspeed system consisting of a fixed head mownted 1.5
tip—chord lengths ahead of the left wing tip are shown in figures 6(b) and

7(®).
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Effects of Mach number,— Figure 6(b) reveals that Ap/q,! decreases
steadily from about 0,004 at a Mach number of 0,75 to —0,007 at a Mach num—
ber of 0,91, As the subsonic wind—tunmel data for the airspeed head, pre—
gented in figure 9, show a small, constant, positive error at these speeds,
the decrease 1s presumed to be due to the change in the pressure field of
the wing accompanying the changes in speed and 1ift coefficlent. Above a
Mach number of 0.91, Ap/qc' increases at an increasing rate, reaching a
value of about 0.06 near a Mach number of 1,02 and then decreases rapidly
to 0.03 near M=1,04, the highest test Mach number., It should be noted
that the increase in error which occurs as the speed of sownd is approached
amownts to about 0.07 Ap/qc' for a Mach number change from 0.91 to 1,02,
This change is about twice that shown to occur for the nose—boom system in
figure 6(a). :

Effects of normal—force coefficient.— From figure 7(b) it is apparent
that, for Mach numbers between 0.75 and 0,95, A@/qc' increases with an
increase in airplane normal-force coefficient, a change in normal—force
coefficient from 0.10 to 0,70 causing an increase in A@/qc' of about
0.0k, The data presented are considered inadequate to show a consistent
effect of normal—force coefficient at Mach numbers greater than 0.95.

Right-Wing—-Boom System

The third research—type system consisted of an NACA full-swiveling
airspeed head mounted on a boom 1.1 tip-chord lengths ahead of the right
wing tip. Results of a calibration of this installation are shown in
figures 6(c) and T(c).

Effects of Mach number.— Figure 6(c) shows that Ap/qc' remains at
a relatively small positive value up to a Mach number of 0.90, increases
rapidly from about 0.023 to over 0.12 near a Mach number of 1.02, and
then decreases to about 0.10 at a Mach number of 1.04. The variation of
Ap/qc' with Mach number measured for the right—wing—boom system is simi—
lar to that measured for the left-wing—boom system, the only significant
differences being the level at subsonic speeds and the more rapid increase
in error as the speed of sound is approached for the right—wing—boom
system. The different level at subsonic speeds results from the relatively
large effect of the NACA swiveling airspeed head on the local static—
pressure field. The large irncrease in Ap/qc' as the speed of sound is
approached probably results both from the larger effect of the head and.
the increase in the effect of the wing due to the shorter boom length, one
tip chord compared to one and one—half tip chords.

The results for the right—wing-boom system are compared with the
wind—tunnel data for the swiveling airspeed head in figure 10. The sub—
sonic results from the Ames 16—foot high-speed wind tunnel show that
Ap/qc' for the isolated airspeed head is about 0.01 at a Mach number of
0.3 and increases to about 0.02 at a Mach number of 0.85.
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The Ames 6— by 6—foot supersonic wind—tunnel tests indicate an almost
constant error for the boom and airspeed head of —0,010 Ap/qc' from 1,20
to 1.60 Mach number. No supersonic flight~test data comparable to that
obtained on the nose boom are available since this head was evidently
gituated within the field of influence of the airplane shock waves,

Effects of normal—force coefficient.— The effects of the airplane
normal-force coefficient on Ap/qe' for the right-wing—boom system are
shown for Mach numbers between 0.75 and 1,05 in figure 7(c). No effect is
apparent at normal-force coefficients below 0.55; above this value a slight
increase in Ap/qc' with increasing normal-force coefficient is indicated.
Since the maximum angle of free travel of the swiveling head was about
+ 30°, this result was evidently not an effect of inclination of the head.
The data presented are again considered inadequate to determine the effect

of changes in normal force on Ap/qc' at Mach numbers above 0,90,

Service Alrspeed System

The service system employed a total-head tube located in the nose
inlet and flush static—pressure orifices on either side of the lower fuse—
lage forward of the wing root.

Effects of Mach number.— Data for this system as shown in figure 6(d)
indicate that A@/qc' is negative throughout the Mach number range. An
abrupt change in the error from a value of -0.015 to -0,06 appears near
a Mach number of 0.98. It is evident that this sudden change is not sim—
jlar to that found on the nose boom. Recorded pressures in this speed
range were erratic, and showed no well—defined discontinuity such as was
seen with the nose-boom system (fig. 5). It is surmised that a bow wave
of the wing root exists in the local supersonic flow field of the body,
and that passage of this shock wave over the static orifices is regponsible
for the erratic nature of the recorded pressures, Asymmetry of the bow
waves on each side due to variation of yaw angle might result in the mul-~

tiplicity of values obtained in this reglon.

Effects of normal—force coefficient.— It is evident from figure 7(4)

that large changes in static—pressure error accompany increases in normal-—
force coefficient from 0.30 to 0.70. As a result, the indication of a
Mach meter comnected to the service system would change from about 0.93 to
about 0.85 during a pull-up at a constant Mach number of 0.90. The data
of figure 7(d) indicate that at Mach numbers above 0.95, large changes
occur even within the small range of normal-force coefficients investi-
gated., The difference in normal-force coefficients at which the fly-by
and radar calibrations were made may account for the discrepancy between
values of Ap/q,' at a Mach number of 0.89 as shown in figure 6(a).
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Comparison of All Systems

The results of all four airspeed systems are compared in figure 11
which shows the variation of indicated Mach number with true Mach number.
The results are also plotted in figure 12 as the variation with indicate
Mach number of Ap/q.!. :

In flights subsequent to the radar-phototheodolite calibration, indi-—
cated Mach nunbers as high as 1.09 have been recorded with the nose—boom
airspeed system. From these flights, calibrations of the wing-tip systems
between true Mach numbers of 1.04 and 1.08 were derived assuming that an
extrapolation of the calibration of the nose—boom system remains constant
at a A@/qc' of —0.007. The resulting extrapolations of the calibration
curves are included in figures 11 and 12.

These summary calibration curves illustrate one very undesirable
result of the increases in static—pressure error at high subsonic speeds
discussed previously. Particularly in the case of the right-wing boom »
i1t is seen that the increase in static—pressure error would reduce the
response of the Mach number indicator to changes in true Mach number. This _
reduction in sensitivity may be sufficient to make the true Mach number *
- indeterminate with the usual order of calibration accuracy. It is evident,
therefore, that the usefulness and the accuracy of an airspeed system at
transonic speeds are dependent upon the sensitivity of the indicated Mach
numger to a wmit change in the true Mach number, that is, the slope
amt/am.

Minimum values of the sensitivity are about 0.5 for the nose boom,
0.2 for both wing booms, and 0.4t for the service system. It is apparent
from figure 11 that the region of reduced sensitivity is small for both
the nose—boom and the left-wing~boom systems, However, the region of
reduced sensitivity for the right—wing-boom system extends from 0.92 to
1.02 Mach number. The sensitivity of the service system does not reach
low values where the calibration curve is well-defined; however, the pres—
ence of the region about a Mach number of 0.98 where the calibration is
wcertain would make the system of doubtful value for some applications.

It is considered, therefore, that the nose-boom system would be the
most suitable of the four systems investigated for use in flight research
using this or a similar type airplane, In the present case, the uncer—
tainty in determination of true Mach number between Mach numbers of 0.97
and 1.02 is twice that present at Mach numbers immediately above and below
this range.

CONCLUSIONS

The calibrations of four independent airspeed systems installed in a
North American F-86A—5 airplane have been determined in flight at Mach
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numbers, up to 1.04 by the NACA radar-phototheodolite method. In addition

to the service installation, a nose-boom system and two wing-tip-boom
systems were investigated. Evaluation of the results obtained and com-
parison with fly-by calibrations and wind-tunnel tests of the airspeed
heads have led to the following conclusions:

1. The nose-boom system is considered to be the most suitable of
the four systems investigated for the determination of Mach number in
flight using this or similar airplanes because it provided the greatest
sensitivity of the indicated Mach number to changes in true Mach number
at high subsonic speeds, and because it was the least sensitive to air-
plane normal-force coefficilent. '

2. Minimum values of the sensitivity of each airspeed system,
expressed as the change in indicated Mach number per unit change in true
Mach number, were about 0.5 for the nose-boom systems, 0.2 for both wing-
boom systems, and about 0.4 for the service airspeed system. A region
was present in the service airspeed system about a Mach number of 0.98
where there appeared to be no consistent relation between the true Mach
number and the indicated Mach number,

3. Changes in the airplane normal-force coefficient had no apparent
effect on the nose-boom system and only minor effects on the wing-boom
systems. The service airspeed system, however, showed a large increase
in static-pressure error with increase in normal-force coefficient.

Ames Aeronautical Laboratory
National Advisory Coummittee for Aeronautics
Moffett Field, Calif., Aug. 2, 1950
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TABLE I,— PERTTINENT

DIMENSIONS OF

NACA TN 3526

TEST ATRPLANE

Wing
Total wing area . . . . . . &

<
Aspect ratio, , , . .. . . .

Taper ratio « « o o o o o o &
Mean aerodynamic chord . . .
Dihedral angle. « « « « o « &
Sweepbaek of 0,25-chord line.
Sweepback of leading edge . .

chord 1ine) . « « o ¢ o o o

chord 1ine) « « o o & o o« &

Tipchord . . ¢« ¢ ¢ ¢ ¢ & o« &
Fuselage

TIength . o ¢ ¢ ¢« ¢ ¢ ¢ o o &
Width (wing roots). . . . . .

Service airspeed system

waterline —32,6)

atroot . . . ¢ ¢ .

station 19.4)

upper duct surface. . .

Aerodynamic and geometric twist (washout) .
Root airfoil section (normal to 0,25—

Tip airfoil section (normal to 0,25—

Root chord (wing~fuselage intersectiom)

Static orifices (fuselage station 82,

Distance ahead of w1ng leading edge

Distance below canopy base. . . . e
Total-head tube (inside duct at fuselage

Distance of pressure source below

. NACA 0011-6k

287.9 sq ft
37.1 £t
L. 79

0.51

97.03 1in,
3.0°

35014t
37k

2.0°

NACA 0012-6k
(modified)

(modified)

10.3 ft
. 5.1 £t

34,
5

of
.0 f

t
t

29.5 in,
50.5 in,

2-15/16 1in,
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- 3712 -

.
3
U5
=

%‘ve/:ng airspeed

head on right wing
boom

L— Z50’»-I

%’xe; airspeed

head on left wing
boom
Effective max. dia. 5.50’

Fixed airspeed

/ head on nose boom

3754’ <

, 9.00'—-1 _
ﬁn‘»

l-— 1000

Z Service system static orifices

Service system fotal head :

Figure |.- Two -view drawing of test a)'rplane showing airspeed
installations .
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NACA TN 3526

(d) Left wing boom,

Figure 2.~ Continued.

A-15001




NACA TN 3526

(e) Service system impact tube.

A-13345

(f) Service gystem static orifice, lower side of
fuselage ahead of wing root.

Figure 2.~ Concluded.
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o]

i | |
l 93
o | ,

/ /Ié‘ Holes — .043" Dia. '
4 Holes — .043" Dia.

(a) Kollsman high-speed pitot-static head..

= , (h— o
__F

[ 36 Holes - .04/ Dia.

n

~/

=

(b) NACA swiveling pitot- static head

NACA

Figure 3.- Drawings of airspeed heads used on nose
and wing booms.
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e
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P ,;,f‘ el Free-sfream static
-1 - pressure '
10— -—— — Nose boom
: — — — Right wing (swivel)
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Normal- force S
coefficient, Cy 5 — 11
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Mach number, M —
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o 4 8 /12 16 20 24

. | Time, sec
(a) High-speed run.

- Figure 5-Time history of pertinent quantities during typical airspeed
calibration runs. '
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(b) Abrupt pull-up.

Figure 5. Concluded .
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© 0.750 to 0800 | —
o 800 fo 850
100 2 5007 950
M= to O L 0 -29¢
1025 il Kl > 575 1o 1060 |
e © /000 to 1.025 | __
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Normal - force coefficient, G,
(a) Nose-boom system, M range 0.75 fo 1.05.
. Figure 7.- Variation with airplane normal-force coefficient, G, ,

of the static pressure error per unit indicated impact pressure,
4 p/qc', for several ranges of Mach number.
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Static pressure error,

Figure 7.- Continued .
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Normal -force coefficient, G,

(b) Left-wing-boom system, M range O.70 to 105. -




NACA TN 3526

Mach number —
°lo © 0.750 to 0.800 | |
o o .800 to .850
— 190 o 850 to .900 —
A 900 to 950 | |
S 995 1o /00D
(SN 0 /. 1
a%, f‘?ﬁ . o 1000 to 1025 |_
g of BF° ° 1025 IZ 1.050
1025 ‘ ]
M= to O
1.050
1000 s
= fo O "'&%%
1025 B B
QU o
g
g‘ 0975
S M= o O
® 1.000
[0
3
(7>
b 0.950
8 M= to O
o 0.975 z
§ AQAAA .‘\5& =
0) 090 & AAAAL Aﬁé aAd A
M= to O 3
0.95 op o ©
TeA
(%8 o 3 o
" 0.;95 ’ O o
= fo
0.90 JLCE
: AL 0 o o 8 9
080 m“mm'“”fi% 4+t ;
M= to O .08 - i
085 s I
OF e o0 | ° o | |
O e -t
080 .0 g 2 3 4 5 6 7z 8

Figure 7.- Confinued.

Normal - force coefficient, G,

(c) Right-wing-boom system, M range

075 to 105.
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Figure 7.- Concluded.

Normal-force coefficient, G,

(d) Service system, M range 0.75 to 105.
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Figure |1.- Variation of indicated Mach number with true Mach number for each
airspeed sysfem.




41

NACA TN 3526

- weisAs peedsiip Yope 404 9inssesd joodw) pejpalpul 41un
19d 10119 9InSs9id IIIDIS 8Yi JO 418QUNY YIDW PBIPIIPUI YiiM UOHDIIDA —'C/ 8.nbl

W “4equinu yoop pajpaipul

807 07 001 96 1 &8’ 148 08’ 94 el

av

80—
LT
\\\\\ —~WoysAs 9911198
\ \\' — ‘ Q o
/ \\\\ \ —
/ /1, w
7 \ \ mf
......... — . S
/ \ wooq buim 4487 3
= — S
~ \ ~wo00q 9soN g
b \\ . / q vo S
% \ \ TEQQQ buim Jybry o
s N o
N N4 \‘ ‘ 3
go- ~
N ] .

walsAs wooq-a9sou oL

/, \ vodn paspq S$uoNDIqIDD---- .

= uolDIqI|D2 Wooq 2/
-9sou Jo uoljDjodDi}XT - --
9/

NACA - Langley Field, Va.



$EHOSY WH VOVN

uoj3urysem ‘yOvN wolj arqeureiqo sardod

*Speay pajeost
9y} Jo §359) [oUUN}-PUIA PUE £I09Y] SEIIBAR UM
paledwiod aae S)NSad YL, ‘WOISAS YOrBa 0] PIJUIS
-oad aJe JusroIz3900 9210)-TeUNIOU duRdITE JO J09]J0
9y} UO UOTJBLILIOJUI JO JUNOWE PaJIWI] € pue Jaquinu
YOBIW Yya asansgaad joedwr pajeorpur jrun aad 309)
-9p aanssaad-o1Je)s JO SUOIIBIIBA Y] ‘UOIIRIGITED
paadsare jo poyzaur 8)1[opoayjojoyd-Ieper YOVN

A ayy £q Jequinu YoBN $0'T 03 dn jyBr[3 ur pejesiiseaur
92G€ NL VOVN Al u9aq aaey aueldare Juim-ydoms e ur parreIsSUI SWO]
| 98109n ‘radoon ‘Imn -g4s poadsare JUBISJIIP INOJ JO SOIISIIAOLIRYD oY ],
‘S preyory ‘dexg 11
sradoy wip ‘uosdwoyr L (PEHOSY WY sepasadng  '92¢¢ NL VOVN)
(1°2°6) ‘SUOTI091I0D) ‘qe} “°sojoyd “'saSerp ‘dyy -GCET ISQUWIBAON
- anbruyoa], yoressay ‘¥ *x9do0) *q 98100n pue ‘Aeag ‘g paeyory ‘uosdwoyy,
('1°6)  wBd-eaaq sxagoyd wIf ‘OHLANW ALITOJOTHIOLOHI
‘quemdinby yoxessey ‘g -4vVavy VvOVN THL A9 ¥0'T OL dA SYHIIWNAN
(1°8) HOVIN LV INVTJYUIV DONIM-LdIMS V NO SWAL
WSIA ‘sjudwinaisul  °g -SXS AEHEJSHYIV YN04 40 NOLLVYLITVD LHOITA
Z1°L°1) sad£], *SOINBUOISY I0] 39PTWWO) AIOSTAPY [BUOIIEN
omroedg - seuerdaty 1 926€ NI YOVN
_'“»n_ uojdurysem ‘VOVN wol) alqeureiqo sardo)
; *Speay pajerost
’ 3y} Jo 8159] [oUUN)-PUIM pUe £I03Y) S[(RIIBAR YNm
paJedwod aI® §3[NSaI Y], “WIISAS YOEBID J0j pPajuas
-3ad aJe JUITO1IF900 9II0J-TeWIoU aur[dIre JO 10a]30
9Y) UO UOTIBWLIOJUI JO JUNOWE PIJ[WI] B puR Jaquinu
YoBW YA aanssaad joedwr pajeorpur jrun gad joa)
-9p aansgald-o1e)s JO SUOIJBIIBA Y], ‘UOTJBRJIQITED
paadsare Jo poyjewr ajrjopoayjojoyd-Tepes yOYN
PCHOSY WY VOVN A ay3 £q Iaqumu Yoe 0T 03 dn Jysi7y ur paredrjseaur
9268 NL VOVN "AI udaq aaey suerdare Suim-jdoms e ur pareIsur swo)
‘g #8x0an ‘aadoo) 11 -s£s poadsare JUSJI3IJIP INOY JO SITISTISIORIBYD oYy,
‘S preyory ‘Aexg ‘11
szafoy wip ‘uosdwioyy g (YZHOSY WY sepastadng  ‘9zGg NI VOVN)
(1'2°6) SUOTIAII0)D) ‘qey ‘‘sojoyd ‘“-saderp ‘dip -GGET IOQUIDAON
- anbruyoaJ, yoaeasay ‘¥ ‘1adoo) * 9 98108p pue ‘Aexg ‘g paeyory ‘uosduwoyy,
(2°1°6) WSIg-99ad . sIs8oy wif "AOHLIN TLI'TOJOTHIOILOHA
Quaurdrnby yoreesey g ~¥Vavy VOVN THL X9 $0°T OL d0 SHAGWNAN
(1°8) HOVIN LV ANVTJYUIV DNIM-LdTIMS V NO SWHL
WBrig ‘sjudwnasul g -SAS AHAASYIV 4N04d 40 NOLLVYLITVD LHOITA
@Z1°L°T) sadAy, *SOINEUOIIY I0J 99131 WWO)) AJOSTAPY BUOTIEN
ot1oadg -~ souerdny ‘1

92%¢ NI VOVN

uojdurysepm ‘yOVN Wodj ajqeuteiqo sardod

‘Speay pajerost

9y} JO 8153] [oUUN)-PUIM PUEB AI09Y) S[qBIIBAR UM
paledwiod aae S)NSaX AL, ‘WIISAS Yoes I0) pojuss
-81d aJ® JUL1D1JJa00 3dI0]-TeuwrIou sueldare Jo 3109)59
9y} U0 UOIJBWIIONUT JO JUNOWE PajIWI] B PUE JIaquunu
YoeN yym aangsaad jordurr pajeostpur jtun Jad jo9)
-9p aanssoxd-o1IB]S JO SUOIJRIIBA BYJ ‘UOTIBIGI[ED
paadsare Jo poyjawr ajIo0PoaY30joYd-JEPRI YIYN

PCHOSY WY VOVN ‘A ay3 Aq Jaqunu YoBN $0'T 03 dn Jys1(7 ur pejediisaaur
929¢ NL VOVN Al ueaq aaey auerdare Suim-jdoms B ur pa[eIsSul Swa)
‘g 98109n ‘aadoon mI -g£s poadsare JUSIAFAP INOJ JO SITISIILIOBIBYD By
'S preyory ‘Aeag ‘11
saedoy wip ‘uosdwroyy, 1 (PEHOGY WY sopesdadng ‘9268 NI VOVN)
(1°2°8) SUo1091100 ‘qey ““sojoyd ‘-saSerp ‘dIy GG ISQqUIBAON
- anbruyda g, yoresssy -y ‘19doo) - J 881000 pue ‘Aeag ‘g paeyory ‘uosduroyy,
(2°1°6)  WBII-99a1 s1a30y wip - ‘QOHLAW ALI'TOGOTH.LOLOHA
‘uswdmby yoaessay ‘g -4vavy VOVN THL X9 $0°'T OL 40 SHAHGWAN
(1°8) : HOVIN LV IANVTJAUIV DNIM-LdIMS V NO SWHL
WS4 ‘sjuswnaisul  °g -SAS dAJSHIV HNOL A0 NOILVHLITVD LHOITL
Z'1°L°1) sad£], *SOIINBUOIIY JO] 93)J[WWO)) AIOSIAPY JBUOIIEN
opoadg - souerdnty 1 925¢ NL VOVN
_-ﬂ_ uojdurysem ‘YOVN wWolj ajqeureyqo saydod
‘Speay pajerost
89U} JO 81893 [UUN)-PUTA PUE KIOdY] SIqRIIEAR YNM
paaeduod axe S)nNSal YL, UWIAISAS YOorS J0] pajuas
-81d axe JUaIOIJFO00 9210J-Tewaou dur[dare JO 109)J0
S} U0 UOTJBULIOJUT JO JUNOWE PIJIWI] B PUB J9QUINU
YyoeN Ui aanssaad joedwr pajedrpur Jrun aad j09]
-9p aanssaad-013e}S JO SUOIJEIIRA OUJ, ‘UOIJRIqITED
paadsare jo poyjsw 9jrfopoayjooyd-aeper yovVN
$EHOSY WY VOVN A a3 Aq xsquunu yorW $0°1 03 dn Sty wr payedniseaur
926€ NIL VOVN "AI uaaq aaey auerdare Surm-jdoms B ur paTIRISUl SWS)
q adaoen ‘xadoo) ‘M1 -84s peadsare JUBIAJNP INOJ JO SOTISIISIORIBYD Y]
'S preyory ‘Aexd ‘II
sxaSoy wip ‘vosdwoyy | (PEHOSY WY sopasaadng  '9Z6¢ NI VOVN)
(1°2°¢)  suorperro) ‘qey “'sojoyd ‘'saderp ‘dy -GCET J8qUISAON
- anbruyoa L, yoxeasay ‘19doo) 4§ 93a08n pue ‘Arag ‘g paeyory ‘uosdwoyy,
(z'1°6) WiL-90ag . s1830y wWif ‘GOHLANW ALI'TOJOTHLOLOHA
“uewdinbg yoreasay g -4Vavy VOVN ZHL X4 $0°'T OL dN SHAGWAN -
(1°8) ) HOVIN LV ANVIdYUIV ONIM-LdIMS V NO SWHL
W3 ‘suawnaisul g -SXS QIAJSUIV YN0J A0 NOLLVHLITVO LHOIT
Z1°4°71) sadA], *SOTINBUOIIY JOJ 991 IO AIOSIAPY [BUOIJEN
oryroadg - seuerdary g 929¢ NL VOVN

[ ¢




